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Abstract 
 
The purpose of this study is the development of a push-pull ventilation system, in which the air supply and exhaust amount is 
individually controlled by indoor and outdoor temperature difference, to maximize the ventilation performance and energy 
efficiency. By individually controlling the air flow rate of the supply and exhaust depending on the demand, the fan operating 
energy consumption is significantly reduced. High performance heat exchanger is also adopted. During non-heating period, it is 
possible to reduce indoor chemical contamination occurring with wall infiltration, by halving the amount of exhaust and 
pressurizing the room. 
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1. Introduction 
 
Although the ventilation system with heat recovery for single family houses is mainly adopted for the purpose of 
heating load reduction, collected heating energy usually cannot fully compensate the fan operating energy in primary 
energy. Moreover, there are subjects such as a room temperature rise in summer at the time of un-air-conditioning and 
excessive ventilation in winter. 
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The system proposed in this paper controls the fan for air intake and exhaust individually according to the 
temperature difference between indoor and outdoor measured in the intake and exhaust air. This system functions as 
balance ventilation at the heating period and as an indoor pressurizing ventilation by keeping the exhaust air amount 
a half of air intake during the non-air-conditioned period. And also heat recovery is suspended by the bypass circuit in 
the period which can expect the outdoor air cooling in summer. In consideration of natural ventilation by stuck effect, 
the whole amount of ventilation is reduced according to the fall of outdoor air temperature in winter. 
Fig.1 shows an overview of the proposed ventilation system. The under floor cavity is used as the fresh air intake 
chamber, and fresh air is supplied into each room from the opening at its floor surface. By utilizing the Japanese 
traditional timber construction, the supply system is excellent in low pressure loss and in air distribution, can be 
realized relatively easily. 
As a result of a simulation and the measurement of an experimental house applying this system, we have shown 
that the proposed system improves the performance of energy saving and keeps good air distribution each of which 
has the feature of balance ventilation in winter and the supply only ventilation system using underfloor cavity as fresh 
air supply chamber [1, 2] in summer respectively. 
 
 
Fig.1 Balance control type push-pull mechanical ventilation system with heat exchanger 
 
2. The algorithm of the air flow rate control 
 
The algorithm of the air flow rate control is shown in Table 1 and Figure 2. As shown in Table 1, the supply air 
and exhaust air amount are respectively controlled by the outdoor temperature and the temperature difference between 
indoor and outdoor. When the outdoor air temperature is higher than 10°C, exhaust air amount is fixed to 0.25 ach 
and the supply air amount is controlled between to 0.45 and 0.5 ach according to indoor and outdoor temperature 
differences, except for the cooling condition. In the heating period, when the outdoor temperature is below 10°C, the 
intake and exhaust air is fixed to the same amount and controlled between 0.3 to 0.4 ach according to indoor and 
outdoor temperature differences. 
Figure 2 is a diagram on this algorithm. Here the room temperature is set to 22°C, outdoor temperature is shown 
on the horizontal axis and the ventilation rate is on the vertical axis. During heating period of the outside air 
temperature under 10°C, the wider the indoor and outdoor temperature differences are, the less the both supply and 
exhaust air amounts are. In the non-heating period, the supply air amount is controlled by the outdoor temperature. 
The outdoor temperature becomes higher than 10 degree, the exhaust air amount is fixed to 0.25 ach. In the non- 
heating season, the chemical emissions increase derived from construction material in the wall with the outdoor 
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temperature rise. This system avoids chemical aerosol intake due to infiltration by maintaining the properties of the 
supply only ventilation system such as indoor pressurization. 
When heat recovery is unnecessary, the heat exchange element is bypassed. This aims to get the effect of outdoor 
air cooling and reduce fan power. In the cooling period, the enthalpy differences between the indoor and outdoor is 
calculated. If the heat exchange is profitable, both of supply and exhaust air amount is fixed to 0.5ach and the system 
operates as a heat recovery system. 
Since the cooling load is hardly expected in Sapporo, this study was examined on the condition that the cooling 
corresponding does not occur. Also, we does not consider the reduction of fan power during bypass operation. 
 
Table 1 Algorithm of the air flow rate control (In-outdoor temperature difference & air change rate)  
 
Thermal condition Air change rate (ach) 
Outdoor temperature Temperature difference Intake air Exhaust air 
10°C䡚㻌
Pressurize 
Bypass 
䡚2deg. 0.5ach 0.25ach 
2䡚8deg. 0.45ach 0.25ach 
8䡚17deg. 0.4ach 0.4ach 
䡚10°C 
Balance & Heat recovery 
17䡚29deg. 0.35ach 0.35ach 
29䡚deg. 0.3ach 0.3ach 
0,55 
0,5 
0,45 
0,4 
0,35 
0,3 
0,25 
0,2 
0,15 
0,1 
0,05 
0 
 
Intake air 
Exhaust air 
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Fig.2 The algorithm of the air flow rate control (Air change rate of supply and exhaust air amount) 
 
3. Experimental house Overview 
 
Fig.3 (a), (b) show a photograph and 1st and 2nd -floor plan diagram of the experimental house. The house is a 
two-story building built in Sapporo city. 
 
 
Fig.3 (a) Photo of the experimental house (b) Floor plan diagram 
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Total floor area is 121m2. Thermal Insulation specifications are high-performance mineral wool 105 ΀+EPS 50 ΀
on the outer wall and blown glass wool 300mm on the ceiling. Windows are Low-E argon in air layer 16 mm. The 
heat loss coefficient is 1.3 W/m2K. Airtight performance is 0.3 cm2/m2 by equivalent leakage area. Heating system is 
hot water heating of kerosene. 
Table 2 shows the measured value of the equivalent opening area of floor openings. 
 
Table 2    Equivalent opening area  
 
Measurement Condition: 
Seal of the floor openings 
Measured equivalent opening 
area [cm2] 
Assumed for one 
opening [cm2] 
Seal all[Leakage area of under floor chamber] 111 
Open the 1st  floor openings 285 (2 openings) 87 
Open the BR1* & BR2 floor openings 386 (4 openings) 69 
Open the MBR* & BR2 floor openings 395 (4 openings) 71 
*BR: Bed room, MBR: Master bed room 
 
4. The simulation of ventilation performance and actual measurement result 
 
Fig.4 shows the schematic cross-sectional view of the equivalent opening area set on the simulation. The equivalent 
leakage area of entire building is placed on the central height of each rooms set by the size in proportionality to the 
floor area. Airtight performances of this building are set to 3 categories as A (leak A): high airtight, B (leak B): airtight 
and C (leak C): regulation level of japan, which equivalent leakage area are 0.3, 1.0 and 2.0 cm2/m2 respectively. A is 
the measured performance of experimental house. 
 
 
 
Fig.4 Schematic cross-sectional view of the equivalent opening area set on the simulation 
 
Fig.5 (a) shows the air supply amount to each rooms according to the type of a control mode, in the experimental 
house. Because of the high airtight performance, ventilation rate is controlled by air flow rate setting of mechanical 
ventilation. Fresh air supply to each rooms have realized good air distribution in every sort of conditions. The 
measurement result also shows the similar air distribution. Fig.5 (b) shows the air supply to each rooms according to 
the airtight performance when outdoor temperature is -5 °C. When the equivalent leakage area is regulation level; leak 
C, although the total air supply increases according to the great increase of infiltration through wall leakage, the air 
supply to bed rooms is not influenced so large and air distribution is kept in good shape. The energy consumption is 
expected to increase in large due to excessive ventilation rate. 
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Fig.5 (a) Air supply and the type of control mode (b) Air supply and the equivalent leakage area 
 
5. Energy simulation 
 
Calculation program [3] was developed in Northern Regional Building Research Institute. Supposing the house as 
one room, this program has a non- steady-state calculation of the 1-hour intervals in consideration of the solar radiation 
and internal load, etc. Table 3 shows the characteristics of ventilation systems compared in this simulation. 
 
Table3 The characteristics of ventilation systems compared in this simulation 
Ventilation system type Air flow rate 
m3/h 
Fan operating (w) Heat recovery (%) Fan type 
Conventional 
(push-pull with heat exchanger) 
174 68 52 AC 
Conventional Low energy 
(push-pull with heat exchanger) 
174 49 62 DC 
Proposed  system 104 - 174 14 - 49 82 DC 
Supply only 0.5/0.3(ach)* 104 / 174 7 / 23 0 DC 
*0.5(ach) when outdoor temperature is over 5°C /0.3(ach) when outdoor temperature is under 5°C 
 
Fig.6 (a) shows the primary energy consumption per m2 of living area for heating and fan operating according to 
the ventilation system type. In the conventional heat exchange ventilation system, the heating load reduction by heat 
recovery would be offset by the fan operating energy. As a result, the total energy consumption is almost the same as 
the supply only ventilation system with no heat recovery. In contrast, in the proposed system, the fan operating energy 
was about equal to the supply only ventilation system. Combined with highly efficient heat recovery, the primary 
energy consumption was reduced by 25%. 
Fig.6 (b) shows the primary energy consumption per m2 of living area for heating and fan operating in the proposed 
system according to the building airtight performance with that of the supply only ventilation system. The primary 
energy consumption increases in large under the airtight condition of regulation level due to air leakage compared 
with high airtight, and exceeds it in the supply only ventilation system. 
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Fig. 6 (a) Energy consumption per m2 of living area and systems (b) Energy consumption per m2 of living area and airtightness 
 
6. Conclusion 
 
We have developed the balance control type push-pull mechanical ventilation system with heat exchanger to reduce 
the primary energy consumption by controlling supply and exhaust air amount in accordance with indoor and outdoor 
temperature. The characteristics of the proposed system were evaluated by measurement and simulation on the air 
distribution and the energy performance intended for the experimental house. The results are as follows; 
 
x Proposed system, while taking advantage of the characteristics of the supply only ventilation system, is shown to 
achieve a satisfied fresh air distribution. 
x Results of the energy simulation on the experimental house shows that the primary energy consumption by 
summing the heating and fan operating energy, can be reduced by 25% as compared to the conventional push- 
pull mechanical ventilation system with heat exchanger and the supply only ventilation system. 
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